We previously documented the induction of Leishmania amastigote apoptosis by trivalent antimony (SbIII) and nitric oxide (NO). We demonstrate here that SbIII-resistant amastigotes were resistant to NO toxicity when delivered extracellularly by NO donors or intracellularly via macrophage activation. Shared biochemical targets for SbIII and NO resistance in Leishmania are discussed.
GF/C filters (Whatman International) for radioactivity determination. The relative inhibition of [ 3 H]thymidine incorporation by 50% (IC 50 ) was calculated. The NO donors SNAP and DETA-NONOate were added directly in the culture medium at concentrations ranging from 0 to 500 M, immediately after inoculation of 2 ϫ 10 5 amastigotes/100 l of MAA in 96-well microplates. After 72 h of incubation, the effective concentrations of NO donors inhibiting WT and LiSbIIIR120 amastigote growth by 50% (IC 50 ) were estimated by MTT test (21) . IC 50 for WT and LiSbIIIR120 amastigotes are indicated in Table 1 . LiSbIIIR120 amastigotes were 21.5-, 3.2-, and 3.6-fold more resistant than the WT to NO delivered by NaNO 2 , SNAP, and DETA-NONOate. NO-mediated Leishmania amastigote killing was also determined using impermeable DNA intercalatant YOPRO-1 staining analyzed by a FACScan flow cytometer (Becton Dickinson, Ivry, France) (11, 22) . Green cell fluorescence could selectively differentiate viable ( Fig. 1a and e) and apoptotic ( Fig. 1b and f) amastigotes by using the combined analysis of their forward scatter (FSC-H) and FL1-H (525 Ϯ 10 nm band pass filter) patterns. Both WT and LiSbIIIR120 amastigotes incubated in MAA alone displayed a homogeneous population of living cells (data not shown). When amastigotes were treated with 500 M NaNO 2 , a new cell population with a high FL1 fluorescence corresponding to apoptotic cells was detected for the WT (Fig. 1c and g ), whereas more than 80% living cells were recorded for LiSbIIIR120 amastigotes ( Fig. 1d and h ). LiSbIIIR120 amastigotes were also able to resist NO-mediated cell death in an intracellular position. A human leukemia monocyte cell line (THP-1 cells) was differentiated in 16-well LabTek tissue culture slides (Nalge Nunc International) (25) , infected with stationary-phase L. infantum extracellular amastigotes (parasite-macrophage ratio of 3:1 for 2 h at 37°C with 5% CO 2 ), and activated by lipopolysaccharide (10 ng/ml) and gamma interferon (100 U/ml). Culture supernatants were collected 48 h later for nitrate and nitrite measurement (19) , and macrophages were fixed with methanol and stained with Giemsa for parasite counts or processed for apoptosis determination (terminal deoxynucleotidyltransferase-mediated dUTPbiotin nick end labeling [TUNEL] technique, in situ colorimetric apoptosis detection system; Promega, Madison, Wis.). The parasitic index (PI) was calculated as follows: PI ϭ mean number of amastigotes per macrophage ϫ percentage of infected macrophages ϫ 100. A PI reduction of more than 95%, correlated with a nitrate-nitrite accumulation indicative of NO production, was observed for WT amastigotes inside activated THP-1 macrophages (Fig. 2A) . When THP-1 cells were infected with LiSbIIIR120 amastigotes, no such PI reduction was noticed (Fig. 2A) . The in situ TUNEL analysis revealed that apoptosis of intracellular amastigotes only occurred in WT-infected activated THP-1 macrophages (Fig. 2B  and C) .
Our observation that in vitro-selected, SbIII-resistant amastigotes were cross-resistant to NO raised the questions of the existence of shared biochemical targets for SbIII and NO resistance in Leishmania and of the occurrence of such phenomenon in areas of endemicity.
Among the mechanisms responsible for antimony resistance in vitro, implication of trypanothione and an As-thiol pump is well documented (1, 6, 17) . Interestingly, thiol groups of proteins are currently considered as targets for NO (4, 16) . Thus, one explanation for NO resistance in SbIII-resistant amastigotes should be an increased content of trypanothione and thiol-related compounds (3). Extrusion of nitrosothiols by an AS-thiol pump could participate in reducing the detrimental action of NO. A recent finding showed that SbIII was able to stimulate the host immune system, leading to potential synergistic effects between the chemical and natural microbicidal molecules (24) . The authors suggest that antimonial drug treatment induced the production of nitrogen species by macrophages and can cause apoptosis of intracellular amastigotes. The involvement of NO in the cytotoxic effect of SbIII could explain the lower susceptibility of SbIII-resistant amastigotes to NO action and could greatly help in the understanding of mechanism underlying antimony resistance.
Increasing cases of SbV treatment failure have been described (2, 7, 10, 12, 15) , suggesting that antimony-resistant parasites could be transmitted even in hosts developing an efficient immune response. These data strongly suggest that NO-SbIII cross-resistance could have a dreadful implication for the spread of chemoresistance in the field. In this view, it will be of interest to determine whether or not SbIII-resistant strains isolated from relapsed patients were NO cross resistant.
FIG. 1. Analysis of NO-mediated apoptosis in WT amastigotes of L. infantum and amastigotes resistant to 120 g/ml potassium antimonyl tartrate LiSbIIIR120. NO-induced apoptosis of WT and LiSbIIIR120 amastigotes was analyzed using a cytofluorometry YOPRO-1 differential staining technique. Viable control (a and e), LiSbIIIR120 amastigotes cultured for 24 h in culture medium alone; apoptotic control (b and f), LiSbIIIR120 amastigotes treated for 24 h with 2 mg/ml Geneticin; c and g, WT amastigotes incubated for 2 h at 37 Ϯ 1°C in the dark in 0.01 M PBS, pH 4.5, in the presence of 500 M NaNO 2 ; d and h, LiSbIIIR120 amastigotes incubated for 2 h at 37 Ϯ 1°C in the dark in 0.01 M PBS, pH 4.5, in the presence of 500 M NaNO 2 . The apoptotic cell percentage (R2), corresponding to both reduced forward scatter and high fluorescence intensity, is indicated for each experimental condition (a, b, c, and d). M1 shows the peak fluorescence intensity (e, f, g, and h). Experiments were done three times in duplicate.
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